Background: C-reactive protein (CRP) has emerged as an important predictor for cardiovascular disease (CVD). To facilitate clinical and public health interventions, CRP thresholds have been defined as follows: low-risk (-1.0 mg/L), average-risk (1.0-3.0 mg/L), and high-risk ()3.0 mg/L). However, these cut-off thresholds are based on distributions in Western populations, and do not distinguish between men and women. Methods: We examined CRP distribution, gender difference, and determinants of CRP concentrations ranging from 0.02 mg/L to 10.0 mg/L, in 4923 Korean adults (2248 men; 2675 women) who received health checkups at Gangnam Severance Hospital from March 2006 to May 2007. Results: The distribution of CRP was highly skewed toward lower concentrations. CRP was higher in men than women, and the cut-off thresholds for the highrisk tertile of CRP concentrations corresponded to 1.01 mg/L in men and 0.62 mg/L in women, based on the current study population. Age, male gender, cigarette smoking, physical activity, body mass index, total cholesterol, high density lipoprotein cholesterol, g-glutamyltransferase, and uric acid were independently associated with CRP concentrations. Conclusions: CRP distribution and gender difference in Korean adults were found to be different from previous Western studies, although similar risk factors influence CRP concentrations. Our results suggest that ethnicity and gender specific cut-off thresholds
Introduction
Increasing evidence reveals that arterial inflammation plays a key role in the process of atherosclerosis and cardiovascular disease (CVD) (1, 2) . Recent studies have shown that C-reactive protein (CRP) is not just an indicator of current infection, but also a useful predictor of CVD incidence and mortality (3) (4) (5) . Thus, early detection of a continuous increase in CRP concentrations may be useful in predicting subsequent development of CVD. Recently, the Centers for Disease Control and Prevention (CDC) and American Heart Association (AHA) recommended that measurement of CRP level is useful to assess risk of primary and secondary cardiovascular events (6) . To facilitate clinical and public health interventions, CRP thresholds have been defined as follows: low-risk (-1.0 mg/L), average-risk (1.0-3.0 mg/L), and high-risk ()3.0 mg/L). These correspond to approximate tertiles of CRP in the US adult population (6) . Despite the cardiovascular health implications of CRP, the recommended cut-off points of the CDC/AHA are based predominantly on Western populations, and do not make a distinction between men and women. Gender differences in CRP concentrations is currently a controversial topic. Some epidemiological studies have reported similar values for CRP in both men and women (7, 8) , whereas others have shown higher concentrations in men (9) or women only (10, 11) .
On the basis of these considerations, it is critical to know the characteristics and conditions associated with increased or decreased CRP concentrations in specific populations, but relatively little information is known about East Asians. Koreans are a group of East Asians with ethnic homogeneity and lower body mass index (BMI) compared to Westerners. In addition, the smoking rate for Korean women is -5%, which is strikingly lower than for Korean men (12) . Indeed, different ethnicity and lifestyle factors of Koreans may affect the inflammatory response in different ways (13) (14) (15) 
Materials and methods

Study population
This study is based on the Health Risk Assessment Study (HERAS) cohort. The HERAS consisted of 5342 subjects (2347 men, 2995 women) who visited voluntarily the Health Promotion Center, Gangnam Severance Hospital, for a routine health checkup. This cohort aims to characterize the prevalence and distribution of CVD risk factors and explore surrogate markers for CVD in Korean adults (16) . Between March 2006 and May 2007, 6451 individuals gave written informed consent to the study protocol at the beginning and at follow-up. The study was approved by the Institutional Review Board of Yonsei University College of Medicine, Seoul, Korea. Subjects meeting any of the following criteria were excluded: CRP concentrations of more than 10 mg/L for ruling out potential ongoing infection or inflammatory disorders (ns38); a history of cancer, ischemic heart disease, stroke, respiratory, renal, liver, and rheumatologic disease (ns158); and use of oral contraceptives or hormone replacement therapy (ns223). After exclusion, the remaining 4923 subjects (2248 men; 2675 women; aged 20-75 years), whose CRP concentrations ranged from 0.02-10.0 mg/L, were included in the final analysis.
Data collection
Physical examinations were performed by trained medical staff according to a standardized procedure. Body weight and height were measured in subjects wearing light indoor clothing and without shoes to the nearest 0.1 kg and 0.1 cm, respectively. BMI was calculated as the ratio of weight (kg)/ height (m 2 ). Participants were asked about health related behaviors including cigarette smoking, alcohol consumption, and physical activity as well as current treatment for any type of disease. If subjects were receiving treatment, they were asked for the date of diagnosis of disease and a list of medications taken. Following a 12-h overnight fast, blood samples were obtained from the antecubital vein of each subject. High sensitivity CRP concentrations were measured using the Roche/Hitachi 912 System (Roche Diagnostics, Indianapolis, IN, USA), a latex-enhanced immunoturbidimetric method with a lower limit of detection of 0.02 mg/L. The normal range of CRP concentrations could be different among different ethnic groups and the upper reference range limit of CRP in Korean adults is 6.0 mg/L. Fasting plasma glucose (FPG), total cholesterol, triglyceride, high density lipoprotein (HDL) cholesterol, aspartate aminotransferase (AST), alanine aminotransferase (ALT), g-glutamyltransferase (GGT), and uric acid were measured using a Hitachi 7600-110 Chemistry analyzer (Hitachi, Tokyo, Japan). Diabetes was defined as a self-reported history of the disorder or an FPG concentration G7.0 mmol/L. Hypertension was defined as a self-reported history of the disorder, systolic blood pressure (SBP) G140 mm Hg, or diastolic blood pressure (DBP) G90 mm Hg.
Statistical analysis
Clinical and chemical characteristics of the study population were summarized. Comparisons between men and women were performed using Student's t-test for continuous variables, and the x 2 -test was used for categorical variables. The median concentration of CRP between men and women was tested using the Wilcoxon-Rank sum test. Age and multivariate adjusted geometric mean values of CRP concentrations in men and women were calculated using analysis of covariance (ANCOVA). To confirm that gender differences in CRP were independent of the effects of smoking, we also compared multivariate adjusted geometric mean values of CRP concentrations between men and women through subgroup analyses of non-smokers using ANCOVA test. We determined the percentage of people classified as being lowrisk (-1 mg/L), intermediate-risk (1-3 mg/L), and high-risk ()3 mg/L) using the CRP risk criteria of the CDC/AHA scientific statement (6) . Due to skewness, CRP was log transformed prior to statistical analyses. Pearson correlation coefficients were determined for CRP concentrations in men and women vs. age, BMI, cigarette smoking, alcohol use, physical activity, SBP, DBP, FPG, total cholesterol, triglyceride, HDL cholesterol, and uric acid. To examine independent correlates of CRP, a multivariate linear regression model was constructed with log-transformed CRP as the dependent variable. All analyses were performed using SAS statistical software, version 9.1 (SAS Institute Inc, Cary, NC, USA). All statistical tests were two-sided and a p-0.05 was used for statistical significance. Table 1 shows the demographics of the study population, which consisted of 2248 men and 2675 women. The mean BMI (kg/m 2 ) was 24.7 for men and 23.0 for women. Blood pressure, FPG, total cholesterol, triglyceride, and liver enzymes were higher in men compared with women. Cigarette smoking and alcohol use were substantially more common in men than in women, and the percentage of hypertension and diabetes was also more prevalent in men.
Results
The overall distribution of CRP according to age group and gender is shown in Table 2 . The median value of CRP increased with age in both men and women. Men had higher CRP concentrations than women (median, 0.72 mg/L vs. 0.45 mg/L; p-0.001), and this pattern was observed for all age groups. Gender differences in CRP concentrations remained valid after adjusting for age, BMI, smoking status, alcohol intake, physical activity, blood pressure, FPG, total cholesterol, triglyceride, and HDL cholesterol. The multivariate adjusted geometric mean CRP concentrations were 0.67 mg/L in men and 0.57 mg/L in women (p-0.001, Figure 1) . However, the current study failed to show any significant gender differences in CRP concentrations through subgroup analyses of non-smokers. After adjustment for age, BMI, alcohol intake, physical activity, blood pressure, FPG, total cholesterol, triglyceride and HDL cholesterol, the gender difference was attenuated and not significant in subgroup analyses of non-smokers (ps0.090).
The proportion of subjects with high-risk CRP concentrations according to the CDC/AHA cut-off threshold of )3.0 mg/L was 8.7% in men and 5.9% in women. Similarly, the proportion of subjects with intermediate-risk CRP concentrations of 1.0-3.0 mg/L was also higher in men compared to women (28.3% vs. 18.1%) ( Table 3) .
Pearson and Spearman correlation results are shown in Table 4 . Log transformed CRP concentrations correlated significantly with age, BMI, blood pressure, FPG, uric acid, total cholesterol, triglyceride, The percentiles are calculated from each subgroup.
and HDL cholesterol for both men and women, whereas cigarette smoking correlated only in men. In multivariate regression analysis, age, male gender, cigarette smoking, physical activity, BMI, total cholesterol, HDL cholesterol, GGT, and uric acid were positively associated with CRP concentrations, whereas physical activity and HDL cholesterol were inversely associated with CRP concentrations (Table 5) .
Discussion
In this cross-sectional study, we examined gender differences and determinants of CRP concentrations in Korean adults. The distribution of CRP was highly skewed toward lower concentrations with long right tail. Although ;30% of the US population has CRP concentrations )3 mg/L (6), only 8.7% of men and 5.9% of women were found to fall into the high-risk category with CRP concentrations )3.0 mg/L. This finding suggests that CRP is lower in Korean adults, which might explain the lower coronary disease event rate in Korea. As previously mentioned, the CDC and AHA have recommended categorizing subjects using CRP cut-off thresholds of -1.0, 1.0-3.0, and )3.0 mg/L into low-, average-, and high-risk categories, respectively. These recommendations are based primarily on findings obtained from Western popula- (17) . These ethnic differences in CRP concentrations may be explained by genetic polymorphisms, diet, and lifestyle differences, which have been shown to affect inflammatory response (10) (11) (12) (13) 19) . In the present study, CRP concentrations were higher in men compared with women, suggesting that male gender is a strong independent determinant of Alcohol drinking G20 g/day; b regular exercise Gonce/week. Coefficients (r) and p-value were calculated using Pearson's correlation analysis for continuous variables and Spearman-Rank correlation for cigarette smoking, alcohol ingestion, and physical activity. CRP concentrations. There is conflicting evidence concerning relative CRP concentrations in men and women. Some data from European populations have shown similar CRP concentrations in men and women (8, 20) . In that study, the median CRP concentrations in men and women were similar (men, 1.52 mg/L; women, 1.50 mg/L). Data from Northern European populations (France, West Germany, and Scotland) and Southern European populations (Spain and Mediterranean countries) have also shown similar distributions of CRP concentrations with a median of 1.5 mg/L for both genders (8, 19) . On the contrary, in two large multiethnic studies in the US, women had higher CRP concentrations, irrespective of race (9, 21) . To date, relatively little has been written regarding the comparison of gender differences in CRP concentrations among East Asians. Yamada et al. reported in a Jichi Medical School Cohort Study, consisting of 2275 men and 3832 women in Japan, that men have higher CRP concentrations (9) . Consistent with the results seen in Japanese, men in the current study have higher CRP concentrations compared with women. An observational study of Chinese subjects showed no difference in CRP concentrations with respect to gender (22) . Contrary to our study and the Jichi Medical School study, the Chinese cohort was comprised of older men and women aged 50-70 years. Therefore, the relatively higher proportion of postmenopausal women may have influenced CRP concentrations. Although the reason for these discrepancies in CRP concentrations with respect to gender is unclear, there are some possible explanations. Differences in lifestyle and metabolic risk factors between men and women in each study population may affect CRP concentrations. In fact, in our study, men usually had more undesirable risk factors for atherosclerosis such as cigarette smoking, alcohol intake, obesity, hypertension, and diabetes when compared to women. These risk factors can be important contributors to chronic low-grade inflammation. Although gender dif-ferences with respect to CRP concentrations remained valid in multivariate adjusted ANCOVA test, there appeared to be no significant difference in the subgroup analyses for non-smokers. This suggests that gender differences may not be due to gender itself, but rather a reflection of different cardiovascular risk factors. In addition, the proportion of patients using estrogen was different in each study population. CRP is known to be increased in women taking estrogen (23) . To avoid the confounding factor of drug use, subjects taking estrogen replacement therapy or oral contraceptives were excluded from our study.
In the multivariate model, CRP concentrations were significantly associated with several metabolic variables including BMI, total cholesterol, and HDL cholesterol. These findings are consistent with current knowledge regarding metabolic disturbances and inflammatory markers (10) (11) (12) . The positive association of CRP with BMI may be explained by the effects of proinflammatory cytokines including interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a), which are expressed in adipose tissue and stimulate hepatic production of CRP (24, 25) . Several mechanisms may explain the significant relationship between cigarette smoking and CRP concentrations. Cigarette smoking promotes inflammation in the oral cavity and airway tract, leading to periodontitis and chronic bronchitis (26, 27) . Also, free radicals generated by cigarette smoking can induce the production of inflammatory cytokines and consequently elevate CRP concentrations, as mentioned earlier (28) . We also found an inverse relationship between CRP and physical activity. Regular exercise may have a favorable effect on suppressing abdominal fat accumulation and inflammatory markers (29) . Serum CRP concentrations were also associated with biomarkers such as serum GGT and uric acid, which are known to be surrogate markers of adverse cardiovascular events and mortality (16, 30) . This finding is consistent with emerging evidence that increased GGT and uric acid are strongly linked to chronic low-grade inflammation (16, 30) .
There are several limitations of the current study. First, because study subjects were volunteers for health promotion screening at a single hospital, and appeared to be slightly healthier compared to community-based cohorts, the study population may not be representative of the general Korean population. Therefore, this study may have been affected by the selection bias. Second, the CDC and AHA guidelines recommend two separate CRP measurements for determining within individual variability (6) . However, only one measurement of CRP was included in the analysis and it was not possible to determine whether an acute and brief episode of infection or chronic inflammation was responsible for the correlation observed. To minimize these random errors, we excluded subjects with CRP values G10 mg/L. Third, we lacked information on the measurement of abdominal adiposity and waist circumference. Consequently, we could not determine exactly whether the association of CRP with BMI depended on overall adiposity or distribution pattern. Finally, we did not take into consideration the effect of other potential confounding variables on CRP concentrations such as socioeconomic status, diet pattern, medication history and use of potential anti-inflammatory agents waspirin, other non-steroidal anti-inflammatory drugs (NSAIDs), angiotensin-converting enzyme (ACE) inhibitors, and 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitorsx.
Despite these limitations, given the increasing use of CRP as a valuable predictor of CVD, our findings may have important clinical implications in terms of preventive cardiovascular risk strategies in Korea. In summary, CRP distributions and gender differences in Koreans are different from previous Western studies, although similar risk factors influence CRP concentrations. Our results suggest that ethnicity and gender specific cut-off thresholds for CRP should be taken into consideration in CVD risk assessment. Future prospective studies are warranted to assess how different CRP distributions influence CVD risk prediction in Korean adults.
